The paper deals with the issue of taxes and charges in road freight transport in the Slovak Republic and the selected European countries. The aim is to compare and evaluate the position of the Slovak carriers towards foreign ones when doing business in the common European market. The selected kinds of taxes and charges (or costs items) relate to different production factors of road transport undertakings (vehicles, drivers, road infrastructure). Also, the legislation on taxes and charges differs among individual countries and differences can be observed in the principles of taxation. The objective is to make a comprehensive objectified comparison when taking into account several selected taxes, charges and costs in road transport.
INTRODUCTION
The proportion of taxes and charges of the total costs of carriers is different. Their proportionality also varies among countries. Individual kinds of taxes and charges are related to different production factors of road transport undertakings. Some of them relate to the transport route, the used road infrastructure, and the others are associated with the vehicle operation, vehicle crew i.e. the subject to which the taxes and charges are applied is different. The values of these taxes and charges in individual countries change over time, and these changes are not time and territorial coordinated. They affect the cost level as well as pricing of carriers and this has an impact on the competitiveness, business sustainability and the profitability of transport companies. Consequently, this has an impact on the whole market in the freight transport sector. Therefore, it is necessary to look for possibilities for the complex and objectified assessment of the tax burden and charges of carriers.
Taxes and charges in road freight transport may be divided into two groups. The first group is related to the place of carrier establishment in a given country, e.g. motor vehicle tax, corporate income tax, property tax, charges associated with the vehicle registration, vehicle technical and emission inspection, etc. Disproportions among countries arise mainly in this group. The second group includes the charges related to the transport route, e.g. toll, parking fees, charges for ferries, etc. These charges are borne by carriers from different countries in the same amount.
This paper was processed also based on the results and findings obtained from the expert studies and projects addressed by the authors in the area of motor vehicle taxation [1] , [2] , and other taxes, charges and costs in road transport [3] .
DATA AND MATERIAL
The scientific papers and research are more focused on individual taxes and charges, e.g. in [4] . or the tax burden and charges in road transport at the level of individual countries (e.g. in [5] ), but not on the international comparison with the use of a set of related taxes and charges. A comparison of transport policies in road transport and road infrastructure charging in Germany and Sweden was addressed in [6] . The impacts of the introduction of infrastructure charging in the UK and Ireland were examined in [7] .
Road freight transport must be seen not only as a competitive transport mode for water transport [8] but also as an essential part of the logistics chain and multimodal transport with the aim to ensure carriage of raw materials and distribution of goods within the inland of Europe [9] , [10] .
The tax burden assessment based on one type of the tax or charge by using one-criterion methods is insufficient and distorted. Therefore, the objective of this paper is to make a more comprehensive and more objective assessment of the position of Slovak carriers in the European market with regard to the tax burden and charges in road freight transport with the use of scientific methods.
A limiting factor is the availability of relevant data on taxes and charges.
The research of the paper is conducted for the following set of indicators -taxes and charges which relate to transport service provision for commercial purposes in road freight transport: The sources for values of the indicators were Taxes in Europe Database (TEDB) of the Europe Commission, national legislation in the area of taxes and charges, statistical authorities of individual countries as well as source [10] . The data from various sources were analysed, verified and consolidated for 2016.
The values of U 4 and U 7 indicators are dependent on the vehicle category and its technical parameters. The procedure of determining motor vehicle tax as well as toll rates widely differs between countries, e.g. [11] . In terms of motor vehicle taxation, the tax rate is determined separately for a semi-trailer and tractor unit (e.g. in SK, CZ, PL, HU, DE); however, different approaches are applied to determine the tax rate level [12] , [13] . Therefore, an articulated vehicle of the total weight of 40 tonnes, typically used in international road freight transport, is taking into account for the purpose of determining and comparing the value of taxes and toll. The technical parameters of the articulated vehicle under consideration are: -tractor unit:
-the maximum permissible total weight: 18 000 kg, -2 axles; the maximum permissible axle weight: 7 100 kg, 11 500 kg (i.e. in total 18 600 kg), -vehicle kerb weight: 6 900 kg, -air suspension. -semi-trailer:
-the maximum permissible total weight: 34 000 kg, -3 axles; the maximum permissible axle weight: 8 000 kg, 8 000 kg, 8 000 kg (i.e. in total 24 000 kg), -vehicle kerb weight: 6 250 kg, -maximum payload: 27 750 kg, -air suspension. Considering the market competition of international road transport and the common or similar economic and social development, a comparison of the selected indicators is carried out for the countries of Central and Eastern Europe as well as developed Western European countries. Based on the availability of indicator values, the comparison includes 12 countries.
The values of examined indicators for the compared countries are given in Table 1 . The table provides 
METHODS AND RESULTS
The problem of the set of indicators expressed in absolute terms lies in the variability of indicator values as well as differences of the unit expression of individual indicators. Assessment of the tax burden and charges within the selected countries is carried out by the used of multi-criteria methods, i.e. by using the standardized variable method and the method of distance to the fictitious object. These methods were used by, for example [14] , [15] in assessing regional disproportions. However, these methods have not been used to assess the differences in taxes and charges in road transport among countries, yet.
Standardized variable method and its application
The standardized variable method is based on the so-called standardizing -a statistical procedure in which the original Table 1 Indicator values Source: authors values of individual indicators are transformed into a standard and theoretical form which is quantified by dimensionless numbers. By this procedure, it is possible to eliminate the variability within the same indicators among individual compared countries. Thus, the original indicator values of the tax burden and charges are replaced by the values of standardized variables.
The arithmetic average and the standard deviation are calculated for individual indicators. Subsequently, the values of standardized variables are calculated by using the following formula (1):
Where: -u ij -the standardized variable of the i-th country, of the j-th indicator, i = 1,2,...n; j = 1,2,...m, -x ij -the value of the i-th country, of the j-th indicator, i = 1,2,...n; j = 1,2,...m, -x j -the arithmetic average of the j-th indicator, j = 1,2,...m, -s j -the standard deviation of the j-th indicator, j = 1,2,...m.
Then, the sum of standardized variable values is calculated for individual countries according to the following formula (2):
Where: -Z i -the sum of the standardized j-th variables for the i-th country, -m -the number of indicators.
Subsequently, the average of the indicator standardized value for a given country is determined based on the following formula (3):
Where: --the average of the standardized values of indicators for the i-th country, i = 1,2,...n, The resultant ranking of individual countries is arranged in the order from the lowest value (ranking 1) to the highest value (ranking n).
The calculated standardized variable values of the indicators of the tax burden and charges are shown in Table 2 . Based on the average of standardized indicators, the order of the examined countries was determined.
According to this method, the country with the lowest tax burden and charges (or costs) is Bulgaria, followed by Latvia, Poland, Lithuania and Romania. On the contrary, Austria, Germany and France are countries with the highest tax burden. The Slovak Republic is ranked right behind these Western European countries i.e. on the 9 th place. When comparing the countries of Central and Eastern Europe, the Slovak Republic reaches the highest tax burden in relation to the used set of indicators.
Method of distance to the fictitious object and its application
The method of distance to the fictitious object uses the standardized variables. The fictitious object represents an ideal model country which reaches the best values of the individual indicators in the given area (the lowest tax rates and charges). Thus, the best value was determined for the given indicator, i.e. the minimum standardized value from calculated standardized values (from Table 2 ). This value was then used as the ideal model for the given indicator.
The standardized variables are calculated for individual indicators in similar way as in the case of the standardized variable method. However, the ideal indicator value (minimum value) is used instead of the average value of the indicator when calculating the standardized variable. The calculation is realised according to the following formula (4):
(4) Where: -u j min -the standardized variable of the i-th country, of the j-th indicator, i = 1,2,...n; j = 1,2,...m, * in the case of FR, it was not possible to determine the indicator value of infrastructure charges, and therefore the calculation takes into account the number of indicators m=6 and n=11 -x jmin -the minimum (ideal) value of the i-th country, of the j-th indicator, i = 1,2,...n, j = 1,2,...m.
The standardized values of indicators are used to calculate the integral indicator by using the formula (5) . This represents the Euclidean distances of the individual countries from the ideal values of the fictitious object.
For the individual countries, the Euclidean distances from the fictitious object were thus calculated by using the integral indicator expressed by the formula (5) . The values of standardized indicators obtained by using the formula (1) and provided in Table 2 were also used in the calculation.
Where: -d i,0 -the Euclidean distance for the i-th country, i = 1,2...n, -m -the number of indicators.
The resultant order of countries was determined based on the distance from the fictitious object (the value of d j,0 ). The individual countries were thus arranged in the order from the lowest value of d j,0 (ranking 1) to the highest value of d j,0 (ranking n). The best country represents a country of which the distance from the fictitious (ideal) country is the lowest, i.e. the integral indicator value is minimal. The calculated values are shown in Table 3 .
The method of distance from the fictitious object is considered to be the most accurate method among the selected methods. The reason for this statement is that it quantifies the total distance of the individual countries from a certain point. It also eliminates the impact of extreme values in comparison with the standardized variables method.
The methods used in the paper differently express the relationship among the indicators. They demonstrate slight differences in the resultant order of countries regarding the tax burden and charges. When ranking the selected 12 countries by using two mentioned methods, the difference may be observed in four cases ( Table 2 and 3) .
Therefore, a conformity test of the order achieved by both methods was performed. Spearman's rank correlation coefficient was used by using the following formula (6): (6) Where: -i x -the order obtained by using the standardized variable method, -i y -the order obtained by using the method of distance from the fictitious object, -n -number of compared countries.
The calculated Spearman's rank correlation coefficient represents the value of 0.986. It can be stated that the standardized variable method and the method of distance from the fictitious object, which were used to determine the order of the selected countries, provide the results with close conformity of ranking. Therefore, both methods may be used for assessment of the selected countries regarding the tax burden and charges of carriers.
CONCLUSION
The position of the selected European countries in the area of the tax burden and charges in road freight transport is significantly different. Based on the complex comparison, it can be concluded that the level of tax burden and charges of carriers in the Slovak Republic is the highest among the countries of Central and Eastern Europe. The methods used in the paper objectively determine the order of countries according to the tax burden in road freight transport. The reason for approach based on the order of countries is the fact that the changes in taxes and charges are unsystematic and uncoordinated among the countries not only in terms of their level but also in the change intensity in terms of time.
The carriers are forced to include the increased taxes and charges into prices for services provided, e. g. [16] . This may worsen the competitiveness in the European market of road freight transport for the carriers from the countries with the highest tax burden and charges. The risk represents especially the different level of tax rates and charges relating to the place of carrier establishment. The tax burden of transport and logistics services generate sources which should be reallocated to transport for the purposes of improving transport infrastructure, supporting business development and employment in the sector [17] , [18] .
ORDER OF COUNTRIES
The aim for future research is to extend the number of assessed countries and the set of indicators as well as to examine the structure of ways and differences of taxation in European countries e.g. in regard to corporate income tax, the way of calculating the tax base including deductible items relating to vehicles in the form of tax depreciation, lease payments, etc.
Regarding U 4 indicator -motor vehicle tax, the data analysis and research showed disproportions in tax rates as well as in ways of taxation. Moreover, there are countries (Latvia, Romania, Estonia) which still do not apply the statutory minimum rates for motor vehicle tax in accordance with Directives [19] , [20] . Tax rates under the set minimum in given countries are even mentioned in the European Union document [21] .
